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Abstract:On the basis of a 3-dimension visco-elastic finite element model of lithosphere in North China, we 
nnmerically simulate the recent mutative figures of tectonic stress field. Annual change characteristics of stress 
field are: 1) Maximum principal tensile stress is about 3 - 9 kPaa -I and its azimuth lie in NNW -SSE. 2) 
Maximum principal compressive stress is about 1 -6 kPaa -I and its azimuth lie in NEE-SWW. 3) Maximum 
principal tensile stress is higher both in the west region and Liaoning Province. 4) Variation of tectonic stress 
field benefits fault movement in the west part and northeast part of North China. 5) Annual accumulative rates 
of Coulomb fracture stress in Taulu fault belt have segmentation patterns: Jiashan-Guangji segment is the high-
est( 6 kPaa -I ) , Anshan-Liaodongwan segment is the second ( 5 kPaa -I) , and others are relatively lower( 3 -
4kPaa-1 ). 
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1 Introduction 
From 1986 to 1990, a new co-operative study about 
World Stress Map was implemented , and the interna-
tional in situ stress database was established, also the 
world stress map compiled and stress fields research 
surnmarized[I,Z]. Meanwhile, the characteristics of the 
first -order stress field with relationship to plate motion 
was analyzed , and that the origin of stress fields are 
most likely to the plate collision and ocean ridge push. 
Since the Cenozoic, especially the quaternary, tectonic 
stress field has experienced significant changes in some 
areas. For a regional level, the absolute value of the 
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regional background stress field is a very important fac-
tor, but it is difficult for us to get the accurate stress 
value. Therefore, the study of variations of regional 
stress field may be the key factor for many research 
topics. For the potential earthquake in the future, the 
increase of stress speeds up the process of earthquake , 
otherwise , the decrease of stress value delays the 
process. 
According to tectonic block boundary, the Hol-
ocene active faults, the earth ' s crust-mantle three-
dimensional velocity structure and the physical pa-
rameters of materials in lower lithosphere, a proper 
geometric boundary conditions in North China was 
determined , also the three-dimensional visco-elastic 
finite element model including the topography and 
some vertical layers was constructed, then the annu-
al changes of tectonic stress in recent years as well as 
its influences on the active faults in North China 
were studied. 
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2 3-dirnension visco-elastic finite ele-
ment model in North China 
(about 43 ° N) ; the western boundary ts at the west 
edge of Onlos block ; the southern boundary extends 
from Qinling Mountain to Dabie Mountain , and east-
ern boundary is at the east of Tanlu fault belt ( about 
125 ° E ) . The vertical range of the model is from the 
earth ' s surface to upper mantle. Thirty-six active 
faults in North China are chosen in this model, and the 
parameters are sbown in table 1. 
Taking the tectonic active fault, graben basin, seismic 
activity characteristics into consideration, the geologic 
model boundary are as follows : the northern boundary 
extends along with the north edge of North China block 
Table 1 Selected faults and tbeir parameters in Nortb Cbina 
fault 
Eastern Helan Mountain fault 
Huang River-l.ingwu Fault 
Eastern Luo Mountain fault 
Northern edge of Erdoa 
Northern Qinling Mountain fault 
Hua Mountain Front fault 
Zhongtiao Mountain Front fault 
Luoyun Mountains Front fault 
Huo Mountain Front fault 
Jiao City Fault 
Xidan Mormtain Front fault 
Western and northern of Wutai Mountain fault 
Northern Heng Mountain fault 
Kouquan Fault 
Zhang Jiakou Fault 
Northern edge of Eoky-Fan Mountain bason fault zone 
Fault of Sun River-Nankou 
Fault of Xiadian 
Fault of Ji Canal 
Fault of Tang Mountain 
Fault of Caogdong 
Fault of Xin River 
Front fault zone of Taihang Mountain, Yuanshi fault 
Front fault zone of Taihang Mountain, Handan fault 
Fault of Ci Country-Darning 
Anyaog Fault 
Taihang fault front zone Mruntain, fault of"""""" Tang 
F- fault mne of Taihang Mruntain, fault of eastern Tang 
Fault of Liaocheng-Runcom 
Fault of Heze 
Fault of Dongming-Chengwu 
Fault of Caogni 
Fault of Yimu River 
Fault of Eastern Liaoning Area 
Fault of Gaixian 
Fault of Jinchuan 
Fault of Pikou 
l.eogth 
(km) Strike Dip 
120 SE 
130 NNE-NS NWIW 
60 330 - 350 sw 
340 EW 
210 EW N 
100 NEE NW 
130 EW NW 
120 NNE-NWW SE 
60 IS -20 NW 
125 NE SE 
110 40-50 NW 
ISO 
185 
102 
95 
140 
so 
130 
270 
2400 
160 
130 
125 
60 
NE 
NNE 
NE 
NW 
NE 
30-50 
NWIW 
NNE 
NE 
40 
NEE 
20-25 
30 
NW 
SE 
SE 
sw 
SE 
NW 
NE 
NW 
NW+NE 
SE 
NW 
NW 
SE 
Dip angle 
(degree) Active style 
60 nonnal fault 
70 right -lateral strike slip normal fault 
35 -70 right-lateral strike slip normal fault 
90 
60 - 80 nonual fault 
60 - 70 right -lateral strike slip normal fault 
60 nonual fault 
80 right -lateral strike slip normal fault 
65 -75 strike slip fault 
40 - 80 strike slip fault 
60 nonnal fault 
90 
50 - 85 slip fault 
50 - 80 right -lateral strike slip normal fault 
90 
50 - 80 nonual fault 
70 - 80 nonual fault 
70 - 80 nonual fault 
90 
70 
90 
90 
90 
90 
right -lateral strike slip normal fault 
steep left -lateral strike slip normal fault 
90 
90 
90 
30 -40 listric normal fault 
90 
90 
90 
60 -75 strike slip fault 
50 -55 nonual fault 
50 - 80 thrust fault 
50 - 80 thrust fault 
67 thrust fault 
*Refer to "faults in China" by Deng Qidong from the software "Earthquake forecasting analytical system based on GIS". 
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In this paper, we adopted the PRO NY material to 
simulate the rheological property of the lithosphere 
medium. Elastic parameters are mainly based on the 
velocity structure data comes from Huang[3' 4 l , and 
rheological parameters are referred to the preliminary 
model of lithosphere rheological structure in North 
China established by Zang, et al in 2002[s-?l. With 
regards to the faults , medium parameters are one 
tenth of confining medium. The topography data are 
derived from the website http :I /srtm. csi. cgiar. orgl. 
Scientists previously determined material sub-regions 
of 3D model according to geological tectonic frame-
work. Different from former coarse method, this paper 
adopted a new method that one sub-region Is corre-
sponded by one element and each element has inde-
pendent material parameter. All elastic parameters in 
the model are deduced from 3D velocity structure data 
in North China. Since the new method realizes ap-
proximately continuous variation of medium parameter 
in the model, the model is finer than others. The 
group number of medium parameters is equal to ele-
ment number, and there are 254156 medium parame-
ters in the whole model. 
The 3-dimension finite element model of North China 
has totally 254156 elements and 234056 nodes. The 
discrete model is shown in figure 1. 
north 
t 
c 
Figure l 3-dimension finite element model in North China 
3 Annual variation of the tectonic 
stress field in North China 
3. 1 Boundary conditions on annual variation of 
tectonic stress field in North China 
High-precision GPS observation in northern China has 
been carried out for many stages: June to July in 
1993, August to September in 1994, June to Septem-
ber in 1998, July to September in 1999, and the whole 
year of 2000. By using the observed velocity data in 
1998 and 2000, Fu et al[9l gave the relative velocity 
field to the Europe-Asian plate of ITRF97. Zhang et 
al[ 1Dl used GPS data to study tectonic deformation field 
in North China. In this paper, the author calculate the 
displacements on the model boundary, using the GPS 
annual mean displacement data given by Zhang et 
al[ 1Dl , and then simulate the annual tectonic stress 
filed variation in North China. 
3. 2 Recent annual variation of tectonic stress 
field in North China 
Numerical simulation results of the annual stress varia-
tion in North China in recent years are as shown in fig-
ure2, figure 3 and table 2. 
Mter elimination of the boundary effect, the numeri-
cal modeling shows that the orientation of tensile prin-
cipal stress in annual variation of tectonic stress field is 
NNW -SSE and the magnitude is about 3 - 9 kPaa - 1 • 
Meanwhile, the orientation of compressive principal 
stress is NEE-SWW and the magnitude is about 1 - 6 
kPaa - 1 • Nowadays , in North China, the land is prima-
rily experiencing the loading of tensile tectonic stress 
variation field. The corresponding characteristic of de-
formation field is mainly tensile tectonic activities, in a 
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Figure 2 Annual variation of tectonic stress field in North China 
NNW -SSE orientation. According to the background 
stress field in North China of about 101 -102 MPa, 
the simulation results show that the tectonic stress 
field in the NNW -SSE orientation decreases, and the 
average reduction is about 6 kPaa - 1 • While in the 
NEE-SWW orientation, it still increases and the av-
erage reduction is about 3 kPaa - 1 • Through analysis 
of the relationship between stress field and fault ac-
tivity, we found that the annual variation of current 
tectonic stress field in North China benefit not only 
the NE faults with right-lateral strike slip movement, 
but also the NW faults with left-lateral strike slip 
movement. 
The maximum principal tensile stress( NNW orienta-
tion) of the annual variation field decrease more along 
the NNW -SSE orientation in the western area. As an 
important seismic belt , Shanxi fault depression and its 
adjacent area decreases more in NNW -SSE orientation , 
which promotes the right-lateral strike slip fault move-
ment with NNE-NE azimuth. In Liaoning province, the 
tectonic stress field in the NNW -SSE direction decrea-
ses a lot. The greater stress decrement in NNW -SSE 
benefits the right-lateral strike slip fault movement with 
NE azimuth as well as the left-lateral strike slip fault 
movement with NW azimuth in Shanxi and Liaoning 
province. 
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Figure 3 Variation vectors of annual tectonic stress field in North China 
( Red bars indicate tensile stresses ; blue bars , compressive) 
Sub-
Table 2 Sub-region' s variation vector of 
annual tectonic stress field 
Maximum tensile Maximum compressive 
principal stress principal stress 
region 
value Azimuth value Azimuth 
(Pa) (0) (Pa) (0) 
CD 6 385 166 -2 655 59 
® 6 749 163 -2 739 71 
@ 8 739 169 -7 598 72 
@ 7600 155 -3 622 65 
@ 6 357 160 -3 341 71 
@ 5 256 160 -2 918 64 
([) 8 888 158 -4 842 66 
® 6 902 163 -3 876 72 
@ 4 760 175 -4 251 76 
Note: 1) Sub-region distribution is shown in figure 3; 2) Azi-
muth angle is clockwise from the north direction 
Zhang et al [ 10 l has studied the horizontal deformation 
field in North China, and found that there is a consist-
ent tectonic movement in SE direction , and is gradual-
ly rotated clockwise. From west to east, the motion ve-
locity increases gradually. The faults with EW-NWW 
orientation are basically left-lateral strike slip type, 
and those with NE to NNE orientation are basically 
right-lateral strike slip type. The framework of strain 
field in North China is basically NEE-SWW compres-
sion and NNW -SSE tension. The principal compressive 
strain rate increases from west to east, and the princi-
pal tensional strain rate decreased gradually from west 
to east. These characteristics are essentially the same 
with the modeling results calculating from the boundary 
displacement loads in this paper ( figure 3 ) . 
3. 3 Feature of the Coulomb failure stress accu-
mulation rate in Tanio fault belt 
Tanlu fault belt is a discontinuous belt in the east of 
China. It extends from Guangji in Hubei province, go-
ing through Lujiang in Anhui province, Tancheng in 
Shandong province and Bohai to the northeast, and it 
is divided into two branches after Shenyang, one is Yi-
lan-Yitong fault in the west, and the other is Mishan-
Fushun fault in the east, which is a giant strike slip 
fault belt with NNE azimuth. Based on the studies of 
Wan et al[ll], Zhang et al[tZJ and Zhu et al[BJ, we di-
vide Tanlu fault belt into six parts: (DAnshan-Liaodong 
segment, ® Bohai segment, @ Laizhouwan-Jiashan 
north segment, @Laizhouwan-Jiashan middle segment, 
@Laizhouwan-Jiashan south segment and @Jiashan-
Guangji segment ( figure 4 ) . The Coulomb failure 
stress accumulation rate in each segment has been cal-
culated respectively. Considering the distribution char-
acteristic of earthquake epicenter in North China, only 
the results from 5 to 20km deep are given (figure 5). 
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Segmentation of Tanlu fault belt 
The calculation of Coulomb fracture stress can be 
found in reference [ 14] . In this paper, we regard ap-
parent friction coefficient as 0. 4. As we can see from 
figure 5 , earthquake activities in different segment , the 
corresponding Coulomb failure stress accumulation 
rates on Tanlu fault belt are different: 1 ) In the south 
of Tanlu belt ( Jiashan-Guangji segment) , the annual 
accumulation rate is the highest ; the average is 
6 kPaa -1 and the maximum value is in the south. In 
the past 100 years, this region has once experienced 
the Ms6.3 Huoshan earthquake in 1917. Since 2000, 
there are Ms5. 7 Jiujiang earthquake in 2005 and 
Ms4. 6 Jiujiang earthquake in 2011 happened in the 
south of research area , and they are probably related to 
the high Coulomb failure stress accumulating rate. 2) 
The annual accumulation rate of north segment of Tanlu 
fault belt ( Anshan-Liaodongwan segment) is the sec-
ond highest and the average is 5 kPaa - 1 • In the past 
100 years, there are M s5. 8 Liaodongwan earthquake 
-
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in 1940 and Ms7. 3 Haicheng earthquake in 1975. The 
M-T diagram shows that after the Ms7. 3 Haicheng 
earthquake , the seismic magnitude didn ' t descend ob-
viously[131, together with the higher Coulomb failure 
stress accumulation rate , which means special atten-
tions should be paid to this area. 3 ) The accumulation 
rates in Bohai segment and Laizhouwan-Jiazhou seg-
ment of Tanlu belt are relatively low and the average is 
3 -4 kPaa -t. In the past 100 years, there are Ms7. 5 
earthquake in 1888 and Ms7. 4 earthquake in 1966 on 
Bohai segment. On Laizhouwan-Jiashan segment , there 
are Ms8. 5 Tancheng earthquake in 1668 ( which is the 
biggest one on Tanlu belt) and Ms6. 3 Qingzhou earth-
quake in 1829 , M-T diagram showed that the seismic 
magnitude was descendent in general [ 131 , which is 
consistent with the lower Coulomb failure stress accu-
mulation rate in this paper. 
4 Conclusion and discussion 
According to modeling results, in North China, the 
compressive tectonic stress field is decreasing in NNW-
SSE orientation while increasing in NEE-SWW, and 
the former is about two times of the latter. It is experi-
encing the tensile tectonic stress variation in NNW -SSE 
orientation and has the corresponding tensile tectonic 
activity. This result is in accord with the feature of hor-
izontal deformation field in North China by Zhang et 
70 Geodesy and Geodynamics Vol. 3 
al[IO]• 
The maximum principal tensile stress ( NNW orienta-
tion) of annual variation of tectonic stress in North 
China is high in the west and northeast, and the maxi-
mum principal compressive stress (NEE orientation) of 
annual variation of tectonic stress is mainly high in the 
northeast and southwest. Considering the relationship 
between stress field variation and fanlts activity, we 
think that fanlts ( NE azimuth) with a right-lateral 
strike slip activity in Shanxi province and Liaoning 
province , together with faults ( NW azimuth ) with a 
left-lateral strike slip activity in Liaoning province are 
notable , for these stress variations may promote a seis-
mogenic process in those areas. 
Annual accumulation Coulomb failure stress rates in 
Tanlu fault belt is of a distinct segmented feature. 1) In 
the south part of Tanlu fanlt belt ( Jiashan-Guangji seg-
ment) , the annual accumnlation rate is the highest and 
the average is 6 kPaa -I . 2 ) The annual accumulation 
rate of Tanlu fanlt north part ( Anshan-Liaodongwan 
segment) is the second highest and the average is 5 
kPaa -I. 3 ) The accumulation rate of Bohai segment 
and middle segment of Tanlu fault belt ( Laizhouwan-
Jiazhou segment) is relatively low and the average is 3 
- 4 kPaa -I • According to the stress field distribution 
in Tanlu fanlt belt, the seismic activity in north part 
and south part of Tanlu fault belt should come into no-
tice. 
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